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The influence of light, nutrients and mixing on pelagic communities and ecosystem dynamics  (by Christoph G. Jäger)
Transient oscillatory dynamics of  pelagic producer-grazer systems are a common phenomenon in sea-
sonal environments such as temperate lakes. These systems typically show a seasonal succession of  the 
plankton, which is usually initiated by spring circulation bringing nutrients to the water surface and sub-
?????????????????????????????????????????????????????????????????????????????? ?????????? ?????????????????
primary production (Sommer et al. 1986). The resulting phytoplankton spring bloom is frequently termi-
nated by the grazing activity of  a growing crustacean zooplankton population producing the ‘clearwater 
phase’, a period of  low phytoplankton biomass; the latter, in turn, is often followed by a crash of  the 
?????????????????????????????????????????????????????????????????????????????????????????????????????????
1993; Talling 2003). Empirical evidence suggests that the magnitude and timing of  such transient produ-
cer-grazer oscillations depend on the nutrient and light regime, with more nutrient rich and more shallow 
?????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????? ???????????????????????????????????????????????????????????
point of  spring succession, depends on regional weather conditions such as air temperature and wind 
?????????????????????????????????????????????????????????????????????????????????????????????? ????????-
cation, the depth of  which is modulated by ambient temperature (Gaedke et al. 1998a, b; Winder and 
Schindler 2004a, Peeters et al. 2007a).
????????????????????
??????????????????????????????????????????????? ?????????????????????? ??????????? ??????????????????
?????????????? ?????????????????????????????????????????????????????????? ???????????? ????????????????? ?
the interactive effects of  water column depth and turbulence on the biomass and vertical distribution 
?? ???????????????? ??????????????????????????????????????????????????????????????????????????????????????
I performed numerical model analyses describing the temporal and spatial dynamics of  light intensity, 
dissolved and sedimented nutrients, algal production and sedimentation, algal biomass, and algal carbon 
??? ????????? ?????????????? ??? ?? ???? ????????? ?????? ???????? ?? ????????? ?????? ???????? ??????? ???? ????
???????????????????????? ? ??????????????????????????????????????? ???????????????????????????????????????
??????????????????????????????????????? ????????????????????????????????????????????????????????????????
diffusion spanning 5 orders of  magnitude). I furthermore determined the depth-integrated values of  
??????????????????????????????????????????? ??????????????????????? ??????????????????????????????????????????
the water column, with an emphasis on vertical light attenuation, sedimentation losses, and the recycling 
and transport of  nutrients from sedimented algae back to the euphotic zone. I investigated the conditions 
in the depth-turbulence space under which the highest depth-integrated phytoplankton biomass can be 
????????????? ?? ?????? ????????? ??????????? ?? ????????? ???? ????????????? ? ???? ????????????????????????????
????????????????????????????????????????????????????? ??????????????????????????????????????? ?????????????????
carbon to nutrient stoichiometry on the model results by comparing them with results of  a model with a 
?????????????????????????????????????????????????????????????????????????????????
??? ???? ??????? ???????? ?? ???????????? ????????????? ???? ????????? ?? ? ???? ?????? ?? ? ?? ?????? ???????
???? ???? ???????????? ? ?????????????? ??????????????? ? ?????????? ????????????????????????????????? ?????
???????????????????????????????????????? ??????????????????????????????????????????????????????????
manipulated independently. I present the temporal development of  algal biovolume, the functional 
composition and diversity of  the phytoplankton community, the concentration of  mineral nutrients, and 
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???????????????????????????????????? ??????????????????????????? ?????????????????????? ????????????????
?????? ???????????????????????? ?????????????????????????????????? ????????????????????????????????????? ?
???????????????????????????????????? ????????????????????????????????????? ?????????????????????
In the third chapter a second trophic level (grazers) was added to the study system. In this chapter the 
?????????????????????????????????? ?????????????????????? ??????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????????????????
??? ?????????? ????????? ???????????????? ????????????????????????????????????????? ??????????????????????
?????????????????????????????????????????????????????????????????????????????????????????????????????
?????? ????????????????????????????????????????????????????????????????????????????????????????????????
dynamics of  a phytoplankton-grazer system starting from low population densities until the end of  the 
??????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????? ???????????????????????????????????? ???????????????????????
????????????????????????????????????????????????????? ???????? ???????????? ????????????????????????????
???????????????????????????????????????????????? ????????????????????????????????????????????? ?????????
of  variable algal carbon to nutrient stoichiometry to these dynamics by investigating two variants of  the 
????????????????????????????????????????????????????????????????????????? ??????????????????????????
???????????????????????????? ???????????????????????? ???????????????????????????????????????????????
water column depth in a factorial design, and followed the dynamics of  phytoplankton and a population 
of  ??????????????? over a period of  7 weeks.
??????????????????????????? ?????????????????????????????????????????????????????????????????? ????
?? ? ??????? ????????????? ??????? ?? ? ???? ????????? ???? ?????????? ??? ???????? ?????? ?????????????? ?????? ????
???????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????? ?????????????????????????????????????????????????????????????????????? ???????????
independently. The resulting transient dynamics of  phytoplankton biomass and ??????????????? abundance 
????? ????????????????????????????????????? ???????????????? ?????????? ??? ????????????????????? ????????????
effects on the magnitude of  the phytoplankton and grazer peaks, and on the timing of  the phytoplankton 
and grazer peaks and of  the clearwater phase.
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The influence of light, nutrients and mixing on pelagic communities and ecosystem dynamics  (by Christoph G. Jäger)
Chapter I
algal biomass in the ‘standard’ model is limited by the turbulent transport rate of  mineralized nutrients 
from aphotic depths. (ii) In shallow water columns algal biomass is highest in the ‘light limitation’ model 
and similar and lowest in the ‘mixed nutrient’ and ‘standard’ models, suggesting that algal biomass in 
the latter two models is limited by the mineralization rate of  nutrients in the sediment. (iii) Close to the 
upper persistence boundaries in z-d space, all three models attain similar biomasses, suggesting that algal 
biomass is light limited in deep, turbulent water columns.
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of  phytoplankton to light limited layers is reduced; in contrast, increased nutrient limitation (e.g. decreasing 
total nutrient content of  the system or increasing nutrient storage in sediments at lower water column depths) 
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Fig. 4. (a) Effects of water column depth on ‘optimal mixing intensity’ 
(= mixing intensity yielding the highest depth-integrated biomass for a 
given water column depth) in the ‘standard’, ‘mixed nutrient’, and ‘light 
limitation’ models as indicated by legend. (b) Effects of water column 
depth on ‘optimal mixing intensity’, in the ‘standard’ model at different 
background turbidities (k
bg
) and initial nutrient concentrations 
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